ABSTRACT -The amount of fungicide that adheres to the leaf during spraying and the amount that remain on the leaf after weathering are the main factors that defines the amount of active residue on the leaf surface to effectively control plant pathogens. Thus, the objective of this work was to evaluate the tenacity and persistence of copper in citrus seedling leaves under simulated rainfall in Jaboticabal, State of São Paulo, Brazil. The evaluated variables were copper content, solution retention, surface tension and drop spectrum. A significant and inversely proportional linear relationship to drops <100 µm was found. The percentage of copper retained in leaves of citrus seedlings with copper fungicides of suspension concentrate (SC) formulations after simulated rainfall was greater than 80%. Copper fungicides of SC formulations presented the lowest surface tension, allowing greater tenacity and persistence of copper on seedlings of citrus leaves after simulated rainfall and increased contact between the drops and leaf surface.
INTRODUCTION
Spraying copper fungicides is one of the most traditional methods of disease control. Copper-based products have been used over 100 years, especially in rainy and fast vegetative growth periods. However, its formulations have evolved, from the Bordeaux mixture to concentrated suspension (SC) formulations, which are essential for the effectiveness of these products.
Adherence and persistence of pesticides on leaf surfaces of crops after the action of weather, are the main factors that define the amount of the active residue to effective control plant pathogens (RICH, 1954) . The rainfall can be considered the most responsible for the accelerated degradation of fungicide deposits on plants. The interaction between rainfall and crop protection products is influenced by several factors, such as intensity, interval between application and rainfall, plant surface tissue characteristics, plant protection product used and its water solubility (CABRAS et al. 2001) . Weber et al. (1937) stated that a single strong rainfall removes more fungicides from the leaf surface than several weak rainfalls, however, Hunsche et al. (2007) stated that the influence of rainfall on pesticide applications may vary, depending on the active ingredient and formulation.
The use of products of different formulations provides better performance of drops during application, minimizing mainly the drift and evaporation. Drops produced by spraying nozzles form a spectrum are qualified by parameters such as relative amplitude, numeric median diameter (NMD) and volumetric median diameter (VMD) (MOTA, 2011) . VMD is the diameter of the drop that divides into two equal parts the volume of sprayed drops (ANTUNIASSI; BAIO, 2008) .
The use of additives in the fungicide solution can improve the action of some fungicides, providing better adherence to the leaf surface and raise its persistence and tenacity, especially under rainfall (SHUERI; LATIN, 1991) . There are four types of copper compounds which can be used for this purpose: copper oxychloride, copper hydroxide, copper sulfate and copper oxide. Their formulations may be wettable powder (WP), water-dispersible granules (WDG) and suspension concentrate (SC). The average size of the particles varies according to the active ingredient, ranging from 0.7 to 3.0 µm and may be related to the control of phytopathogens (HARDY et al., 2007) .
Thus, the objective of this study was to evaluate the tenacity and persistence of copper depending on different product formulations in leaves of citrus seedlings under simulated rainfall action.
MATERIAL AND METHODS
The experiment was conducted in a greenhouse of the Plant Protection Department of the Faculty of Agriculture and Veterinary Sciences (FCAV), São Paulo State University (Unesp), Jaboticabal SP. Citrus seedlings from the variety Pera Rio with about five to six pairs of true leaves were grown in three-liter plastic bags. Twenty-eight pesticide-free seedlings were selected, arranged in a row and applied to the point of dripping with seven copper fungicides (Table 1) . A CO 2 -pressurized backpack sprayer with a 2-point bar with two spray nozzles (TXA8002VK ConeJet®) spaced 0.5 m was used at constant pressure of 40 psi and moved at a constant speed, applying a total volume of approximately 80 mL planta -1 . After dried, five leaves from each treatment were collected for copper content retention analysis.
A simulated rainfall of 20 mm over a period of 10 minutes was performed 90 minutes after the application of treatments using an experimental prototype for applying controlled rain, which is calibrated according to the pressure and volume on its nozzles. After dried, five leaves from each treatment were again collected and the copper content retained was evaluated though an atomic absorption spectrum (AA Analist-100), in the laboratory of the Oxiquímica Agrociência company, Jaboticabal SP. The surface tension was evaluated using a tensiometer (Kruss® K10) on samples collected from the solutions used in the experiments, stored in labeled containers.
Drop spectrum analysis was conducted in the Particle Size Analysis Laboratory (LAPAR/FCAV/ UNESP-Jaboticabal), at a relative humidity above 45% and temperature below 30°C, using a real-time particle analyzer (Mastersizer-S/Malvern Instruments®). This device measures the particle size formed by the spray drops through the laser path deviation when passing through these particles, which is inversely proportional to the particle size, i.e., the smaller the particle, the greater the laser diffraction degree (ETHERIDGE et al., 1999) . The device was calibrated to measure drops from 0.5 to 900 µm (300 mm lens) and connected to a computer to store the data using the MastersizerS-2.19 software. Laser scans were performed every two milliseconds (500 readings per second) (CAMARA et al., 2008) . There was an exhauster over the Mastersizer to remove particulate matter, preventing deposits on the lens or double laser readings, hindering the analysis accuracy (FERREIRA et al., 2007) .
The variables analyzed were volumetric median diameter (VMD) (drop diameter that has 50% of the sprayed liquid volume consisting of drops smaller than this value), and spam (application uniformity percentage value of drops with diameters of 100, 150 and 200 um).
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The solution analysis for fungicide retention was carried out in the Department of Plant Protection (FCAV/Unesp-Jaboticabal) using the device shown in Figure 1 , which had a spray nozzle TXA8002VK (ConeJet®) positioned directly on the leaves and placed vertically on the support plate of a digital scale. The leaves were sprayed to the point of dripping and the retained solution was weighed. The retention results were expressed in mg cm -2 . The leaf area was assessed by an electronic integrator method (Liqueur 3000). A completely randomized experimental design was used with four replications and seven treatments. Five citrus seedling leaves were considered per replication. The results were subjected to the F test and Scott Knott test at 1% significance using the statistical software MSSA AGRI (CANTERI et al., 2001) .
RESULTS AND DISCUSSION
The volumetric median diameter (VMD), relative amplitude (RA), percentage of drops smaller than 100, 150, 200 µm and correlation between percentage of drops <100 µm and VMD are presented in Figures 2, 3 , 4, 5 and 6.
The average values of VMD ranged from 122 to 128 µm. Despite the little variation, there was difference between treatments. The solution with copper oxide and copper oxychloride (WP; 3.6 kg/2000L) had the greatest VMD and the treatment with copper hydroxide (SC), the lowest.
The relative amplitude ranged from 0.87 to 0.93 (Figure 3) . Matthews (2000) stated that the relative amplitude expresses the variation of drop size, relating to the VMD, and that the greater its A pressurized spraying device was used to assess the drop spectrum, in order to get all the sprayed solution passing through the beam analyzer, and evaluate the average drop spectrum from each condition. The spray nozzle was located 25 cm above the optical beam (ASAE, 2000) .
Rev. Caatinga, Mossoró, v. 29, n. 3, p. 677 -684, jul. -set., 2016 680 The mean values of percentage of drops <100 µm in the treatments (Figure 4 ,) ranged from 24 to 29%. Treatments with copper oxychloride (WP; 3.6 kg/2000L) and copper oxide differ from other treatments, with the lowest percentages (24.2 and 25.3%, respectively). Copper hydroxide and copper oxychloride (SC) had percentages of 29.4 and 27.7%, respectively. Copper oxychloride SC had 12% more drops<100 µm than the WP (3.6 kg/2000L). This results can be explained by the fact that copper oxychloride SC present particle sizes close to 1 µm, while other copper oxide solutions value, the greater will be the variation of the drop size, and the smaller the value, the more homogeneous is the spectrum of drops. The VMD and COEF must be assessed together for characterize the spray. Separately, the VMD provides a reference value, without indicating the data dispersion around this value. The COEF indicates the homogeneity of the drop size. Thus, evaluating the effects of adjuvants in the drop size is important as well as to assess its effect on the drop uniformity (CUNHA et al., 2010) .
Rev. Caatinga, Mossoró, v. 29, n. 3, p. 677 -684, jul. -set., 2016 681 had particle size between 3 and 6 µm, and by the product formulation (SC), which contains surfactants such as adhesives and hydro resistant agents. SC have advantages over other formulations, reducing loss by drifting and surface tension (Table  3) , improving the performance of drops and application, reducing evaporation and increasing the spray retention time on target. Cunha et al. (2010) reported that there is no default value indicative of drift risk or a secure application, however, Cunha et al. (2003) stated that, in general, values of drops with diameter <100 µm lower than 15% are most suitable for a safe application. Mathews (2000) stated that the appropriate drop size is essential for the deposition of the active ingredient on the correct target and that drops between 50 and 100 µm (very fine drop) can be carried into the leaf mass by air turbulence and deposited on the leaves, but they can also evaporate before they reach the target. The drops of <100 µm (%) presented an inversely and significantly linear relation to the VMD, i.e., the increase in VMD decreased the percentage of drops <100 µm (Figure 6 ). Figure 6 . Percentage of drops <100 µm depending on the volumetric median diameter (VMD) from solutions with copper fungicides.
There was a correlation between the variables of spectrum of drops from the different solutions with copper fungicides (Table 2) .
The copper content retained in the leaves of citrus seedlings after simulated rainfall of 20 mm (point of dripping) had average values from zero (processing in which the solution had no application copper fungicides) to 14.5 mg L -1 , which was reached with copper oxychloride (SC), statistically differing from the control and other copper fungicides (Table 3) .
The copper oxide fungicide presented the lowest copper content in the leaves (3.3 mg L -1 ) (Table 3) , differing only from the control, however, 69.5% of the copper was retained on the leaves. Decaro Junior (2013) stated that consider the rainfall is essential in spraying in seedlings, since it can reduce the deposited solution content as early as the first precipitated millimeters.
The addition of surfactants in the solution such as silicone adhesive makes the active ingredient to adhered to the leaf surface. Hydro resistant agent is another surfactant used in the solution, forming a protective film against rainfall. The amount of surfactants in the fungicides of SC formulation (copper oxychloride and hydroxide) was considered suitable, reducing the drift potential and providing greater contact of the spray mixture with the plant surface. According to Hock (2004) , when a surfactant is not appropriately used, the active ingredient efficiency of a pesticide can be reduced and the risk of toxicity to the treated plant increased. ** Significant at 1% probability. Means followed by the same letter do not differ.
The retention of copper in leaves that received application of copper oxychloride (SC) (9.3 mg cm -2 ) and copper hydroxide (SC) (10.4 mg cm -2 ) was the lowest compared to other fungicides and formulations (Table 3) ) had the lowest surface tensions (Table 3) .
Copper fungicides of SC formulation contain surfactants such as silicone adhesives and hydro resistant agent that allow a better spreading and contact between the drops and the plant surface. Tu and Randall (2003) stated that the surfactants are widely used for a better contact between the drops and the surface, increasing the plant absorption rate, providing a more uniform spread, reducing evaporation and increasing the solution retention in the plant. The drops sprayed on the leaves can fragment into smaller drops depending on their size, speed, physicochemical properties of the solution and leaf surface characteristics, and grant desirable characteristics to spray solution, allowing greater contact with the plant surface or reducing the drift potential during spraying.
CONCLUSIONS
Copper fungicides of SC formulations have the lowest surface tension, granting a greater tenacity and persistence of copper on the leaves of citrus seedlings after simulated rainfall, increasing the contact between the drop and leaf surface and the protection time in citrus seedlings. New York, v. 36, n. 5, p. 609-618, 2001 .
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